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The results of a series of investigations of the chemical nature of antibodies 
and  antitoxins  (Avery,  1915),  (Gay and  Chickering,  1915),  (Felton,  1932), 
(Chow and  Goebel,  1935), (Chow and Wu,  1937),  (Kirk and Sumner,  1931, 
1934),  (Heidelberger  and  Kendall,  1936), (Pope,  1938),  (Pope  and  Healey, 
1939), (Petermann and Pappenheimer, 1941) have shown that these substances 
are proteins closely related to the normal serum proteins.  Since they possess 
special properties not exhibited by the normal serum proteins they must have 
some special  chemical structure but the nature of this structure still remains 
entirely unknown.  The first step in an attempt  to determine  the structure 
is the isolation in pure form of the antitoxin.  Chow, Goebel, Heidelberger, 
and their coworkers have obtained pneumococcns antibodies which were pure 
in  the  sense  that  they were completely precipitated  by the  specific  carbo- 
hydrate.  Petermann  and  Pappenheimer  (1941)  have  isolated  diphtheria 
antitoxin which was homogeneous by electrophoresis and ultracentrifuge but 
was not completely precipitated by diphtheria toxin. 
Many antibodies form precipitates with their antigens and dissociation of 
this precipitate has frequently been used as a method of purification.  Ramon 
(1922)  found that  diphtheria  toxin precipitates  when mixed in certain  pro- 
portions with diphtheria  antitoxin and was able (1923) to obtain some anti- 
toxin by dissociating the complex in slightly acid solution.  Pope and Healey 
(1939) and Petermann and Pappenheimer  (1941) dissociated the complex by 
digestion with pepsin  t at pH 3.0. 
Pepsin attacks the antitoxin  (Parfentjev, 1937) as well as the toxin and it 
seemed possible that a  more homogeneous preparation  might be obtained by 
using  trypsin which,  so far as is known, attacks only the toxin.  If trypsin is 
added to a solution of the toxin-antitoxin complex in dilute acid and the solution 
then neutralized the toxin is destroyed and 30--60 per cent of the original  anti- 
body may be recovered.  The antibody recovered in this way is 90 per cent 
or more precipitated  by toxin;  it  is homogeneous in the  ultracentrifuge  or 
t Preliminary experiments indicate that tetanus antitoxin may be purified in  this 
way. 
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in the electrophoresis cell.  The molecular weight of this antibody is 90,500 
(Rothen,  1941)  while antibody which has not been treated with trypsin has 
a  higher molecular weight.  Trypsin, therefore, digests part of the antitoxin 
as well as the toxin just as does pepsin (Petermann and Pappenheimer, 1941). 
This  preparation  corresponds  closely to  that  obtained  by  Petermann  and 
Pappenheimer.  The solubility of this preparation is not constant, however, 
but varies with the amount of solid showing that  at least two proteins are 
present,  both of which  react  with  toxin.  The preparation  may be further 
purified by fractional precipitation with ammonium sulfate.  The most soluble 
fraction has constant solubility and appears to be a pure protein.  It crystal- 
lizes readily in poorly formed thin plates.  This protein is 90 per cent or more 
precipitated by diphtheria  antitoxin and has  about  700-900 antitoxin units 
per milligram protein nitrogen by the flocculation test and about 700  units per 
milligram by the animal protection test. 
The  preparation  is  homogeneous  by  electrophoresis  or  ultracentrifuge 
(Rothen,  1941).  The protein is  quite  unstable  and  changes  rapidly into  a 
slightly less soluble form which does not crystallize and has a longer floccula- 
tion time but which has about the same antitoxic titer.  This form is stable 
between pH 3.0 and 9.0.  The carbohydrate content, calculated as glucose, 
is about 3 per cent. 
Precipitation of purified antitoxin and crude toxin takes place over a wider 
range of concentrations than does the precipitation of crude antitoxin.  Pre- 
cipitation of pure antitoxin with purified toxin takes place over a  very wide 
range and the soluble zone in the region of toxin excess disappears. 
The toxin-antitoxin complex  is soluble in the absence of salt and in solu- 
tions more alkaline than 7.0.  This solution is precipitated by positive ions. 
The  concentration of ions  required  to  precipitate  decreases  as  the  valence 
increases.  The  reaction  of  toxin  plus  antitoxin,  therefore,  consists  of  two 
steps, as does the agglutination of bacteria.  The first step is the formation 
of a  compound.  This is the specific part of the reaction.  The precipitation 
of this  compound  then  depends  upon  the  salt  concentration and  hydrogen 
ion in the same way as does the precipitation of other colloidal suspensions. 
The purified antitoxin does not precipitate with serum of rabbits immunized 
against  normal horse serum.  Guinea pigs sensitized with purified antibody 
react when injected with very small amounts  of antibody but require very 
large amounts of normal serum to cause shock. 
Experimental Results 
1.  Action of Trypsin on Toxin and Antitoxin.--Diphtheria toxin is rapidly digested 
by trypsin whereas antitoxin is not.  If trypsin were added to a solution  of toxin- 
antitoxin, therefore, it would be expected that the toxin would be digested and that 
the  complex  would  then dissociate  until all  the  toxin was  destroyed.  This does 
not occur but instead  there is  a  slow formation of non-protein nitrogen with no jom~  H.  Nom~moP  467 
TABLE I 
Digestion of Toxin-Antitoxin  witk Trypsin at pH 8.0 
100 ml. antidiphtheria plasma (500 Lt/ml.) mixed with 1 liter diphtheria toxin (50 Lt/ml.). 
Stood 25°C.  24 hrs.,  decanted.  Precipitate suspension centrifuged and precipitate washed 
three times with M/20 pH 7.4  phosphate  buffer.  Washed  twice with water.  Precipitate 
stirred with 100 ml. water.  Gelatinous mass dissolved slowly to slightly opalescent solution. 
Titrated  to pH 8.0 with NH4OH.  0.05  rag.  trypsin  N/ml. added.  Stood at 25°C.  An- 
alyzed for non-protein nitrogen.  5 ml. +  0.5 ml. ~t/2 pH 7.4 phosphate.  Stood 25°C. for 
hour and filtered.  Filtrate analyzed for antitoxin. 
Time at 25°C.  Protein nitrogen/ml.  Non-protein nitrogen/ml.  L t/ml. filtrate after 
precipitation  at pH 7.4 
tng.  mg. 
0  0.96  0.06  0 
18 hrs.  0.70  0.30  <40 
Same solution, boiled before addition of trypsin 
0  0.90 
10 min.  0.40 
1 hr.  0.30 
24 hrs.  0.20 
TABLE II 
Toxin-Antitoxin  + Acetic Acid pH 4.0 (No Trypsin) 
No.  Total  L$/PN 
200 mh antidiphtheria plasms (500 L//ml.) 
+  2000  ml. toxin (45  LI/ml.) at 250C. 
for 24 hrs.  Decanted.  Precipitate sus- 
pension +  10 gin. Hyflo.  Filtered and 
washed  two  times  with  ~/10  pH  7.4 
phosphate,  washed  two  times  with 
water.  Precipitate suspended in 300 ml. 
water +  13 ml. 2 ~  acetic acid and fil- 
tered.  Filtrate clear, pH 4.{)-4.1 (brom 
cresol green) 24 hrs., 5°C  ............... 
50°C. 20 hrs. +  200 ml. water +  6 ml. 5 N 
NI-Is  (pH  7.2),  precipitate  +  Hyito. 
Filtered.  Filtrate ................. 
400 ml. No. 2 +  150 ml. saturated ammo- 
nium sulfate.  Precipitate.  Stood 25°C. 
+  3 gin. Hyflo.  Filtered.  Precipitate 
+  N/10 pH 7.4 phosphate .............. 
50 ml. No. 3 +  20 mh saturated ammonium 
sulfate (0.35 saturated) sight precipitate 
+  Hyflo.  Filtered.  Precipitate  + 
phosphate .......................... 
Filtrate ........................... 
)  '90,000 
12,000 
10,000 
2,000 
10,000 
700 
500 
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measurable  liberation  of  antitoxin  (Table  I).  If  the  toxin-antitoxin  solution  is 
boiled  before  the  addition  of  trypsin  it  is  rapidly  digested.  These  results  show 
that  the  toxin-antitoxin  is  not a  denatured  protein  and  suggest  that  the  complex 
does not dissociate at pH 7.0-8.0. 
Pappenheimer has shown that diphtheria  toxin is unstable in acid and is rapidly 
denatured  on  the acid side of pH 6.0 and  this  observation has  been  confirmed in 
the  course  of  this  work.  The  toxin-antitoxin  complex dissolves  on  the  acid  side 
TABLE III 
Digestion of Toxin-Antitoxin from Crude or Purified Antitoxin at pH 3.5 and 7.4, g5°C. 
Toxin-antitoxin  from plasma.  Prepared  same  as in Table II except  not washed  with 
distilled  water.  Suspended in s/10 pH 7.4 phosphate.  0.30 rag. P.N./ml. 
Toxin-antitoxin  from purified  antibody.  5000 L$  units  toxin  mixed  with  5000 units 
purified antitoxin.  Precipitate  decanted  and washed with 2/10 pI-I 7.4 phosphate.  Sus- 
pended in N/20 pH 7.4 phosphate.  Total N/ml. 0.16 rag. 
20 ml. of suspension in  1~/10 pH 7.4 phosphate buffer titrated to pH 3.7 +  N/10 hydro- 
chloric acid.  0.05  rag. trypsin N/ml. added.  Analyzed for non-protein  nitrogen.  Titrated 
to pI-I 7.2, stood 2-7 hrs.  Filtered.  Filtrate  analyzed for non-protein nitrogen and antitoxin. 
Toxin-antitoxin from plasma and toxin  Toxin-antitoxln from purified antibody 
pH  --  --  Non-  N  Time  ~,--lT°tal  protein  l"  P--,/  I  L$/ml.  Total  Non-  PmN.  / 
__  ~'~"  N/ml.  ,,,~.  _ r~/ml.""  •, protemN/ml.  '  L//ml. 
hrs.  I  rag.  I  "g"  "g"  rag.  I  rag.  rag. 
0  [  3.7  I  0.38  I o.os  10.33  I  (200  equiva-  0.1610.06  0.10 
2.5  3.7  0.08  0.30  0.06  0.10 
I  [  /  Titrated to pH 7.2 
0  I  72  I  /°'°8I°'3°1  006  010 
1  I  72  /  /°'2°1°'181  0,065  0.09  
3  [  7.2  /  / 0.19  I 0.19  I  0.075  0.08~ 
I  /  Heavy  precipitate.  Filtered.  Fil-  Very  slight  )recipitate. 
]  ]  trate  Filtrate 
[  7.2  [  0.26  I0.191  0.07  [  80  0.1610.07  [0.09]  80 
[  [ Filth-  fr°m  e°ntr°l  s°lufi°n'  n°  C°ntr°l  s°luti°n'  n°  trypsin 
/  /  I  o  r  [0.04  r  40  Io.o  to 
(200  equiva- 
lent) 
Filtered. 
of about pH 4.7 and if it were dissociated it would be expected that the toxin would 
be  denatured  and  the antitoxin  liberated.  When  crude  toxin  is  precipitated  with 
antitoxin and the entire suspension made acid and then alkaline, no precipitate ap- 
pears,  indicating  that  the  toxin  may have  been  destroyed.  If  the  experiment  is 
repeated  with washed  toxin-antitoxin  in buffer, however, the precipitate  reappears 
on  neutralization.  It  is  possible  to  recover  some toxin  by heating  such  an  acid 
solution of toxin-antitoxin,  as Ramon stated  (Table II) but the yield is quite low. 
However, if trypsin is added to such an acid solution of toxin-antitoxin formed from 
either pure  or crude  antitoxin  and  the  solution  then  neutralized,  little  or no  pre- jo~  H.  NORT~O~  469 
cipitate occurs and  the  antitoxin is free in  solution, whereas the toxin has  disap- 
peared. 
Analysis of such solutions (Table III) shows that a  rapid increase in non-protein 
nitrogen occurs as soon as the solution is brought back to pH  7.2.  In the case of 
the  toxin-antitoxin from  crude  antitoxin  the  increase amounts  to  nearly hal/ the 
total protein nitrogen originally present while in  the  case of toxin-antitoxin from 
purified antitoxin  the increase is much  less.  In both cases about one-third of the 
total antitoxin present  is  recovered free  from  toxin.  This  is  similar to  Pappen- 
heimer's results with pepsin which  appears to  attack the  antibody as  well as  the 
toxin.  Since trypsin does not attack antitoxin  alone  nor  toxin-antitoxin unless it 
is first acidified, the  results indicate that  the  toxin-antitoxin complex  is changed 
by acidification and that it is then hydrolyzed by trypsin in such a  way as to destroy 
the toxin and also part of the antitoxin molecule. 
If purified antibody, obtained by dissociating the  toxin-antitoxin complex with 
acid alone  (cf. Table II) is mixed with trypsin some of the protein is digested but 
there is also a  loss of antitoxin.  These results indicate that trypsin hydrolyzes the 
toxin-antitoxin complex in a  different way from that in which it hydrolyzes either 
the toxin or antitoxin alone.  The toxin-antitoxin complex acts in  this respect like 
a  distinct protein  rather  than  a  loose combination  of  toxin  and  antitoxin.  This 
result  confirms  Heidelberger and  KendaU's  assumption  that  the  toxin-antitoxin 
complex is a  definite chemical compound.  The reaction is peculiar in  that a  pro- 
tein is left after the reaction is completed.  This is also the case in the clotting of 
milk by either pepsin or chymotrypsin and also in the formation of pepsin, trypsin, 
or  chymotrypsin from  their precursors.  All other proteolytic reactions,  however, 
result in complete destruction of the protein. 
Effect of Varying Conditions on the Amount of Antitoxin Recovered 
The  digestion  of  toxin-antitoxin  just  described  is  affected  by  the  following 
variables: pH, time at each pH, concentration  of  salt,  kind  of  salt, temperature, 
concentration of toxin-antitoxin, and concentration of trypsin.  Obviously determina- 
tion of strictly optimum conditions with such a  large number of variables would in- 
volve an enormous number of experiments.  Preliminary experiments showed  that 
the time of standing in acid and also the pH of this acid solution made little differ- 
ence  so  long  as  the  toxin-antitoxin complex  was  dissolved  (Table  IV).  Trypsin 
may  be  added  before  neutralization or  immediately afterwards  without  affecting 
the yield.  If the toxin-antitoxin complex is allowed to stand at pH 7.2  for several 
hours and trypsin then added, no antitoxin is recovered.  The same  results are ob- 
tained with  toxin-antitoxin from  either plasma or from  purified antibody, except 
that in the latter case a small amount of antibody may be recovered without trypsin 
if the solution is allowed to stand for 20 hours or more in acid.  The  concentration 
of trypsin may be varied from'0.01 to 0.5 rag. per ml. without affecting the percentage 
of antibody recovered.  The yield is the same with 0.5 ~  phosphate as with 0.05 
phosphate but if the solution is acidified with acetic acid and then neutralized with 
ammonia the yield is much less.  The yield of antibody recovered without  trypsin, 
however,  is greater in  acetic acid.  The  yield is  the  same  at  temperatures  from 
10-40°C. except that the reaction is slower at the lower temperatures. 470  PURIFICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
The yield increases  as  the  concentration  of  toxin-antitoxin decreases  but  below 
about 0.5 rag. protein nitrogen per ml. the increase in yield is small. 
An outline of the method as  finally worked out for handling large quantities of 
TABLE IV 
Yield of Antitoxin Recovered after Various  Times of Standing  at pH 3.7 and pH "7.4 with or 
without Trypsin 
Antidiphthefia  plasma mixed with equivalent volume of toxin, stood 24 hrs. 25°C., centri- 
fuged.  Precipitate washed  two  times  with Iq/10 pH  7.4  phosphate.  Suspended  in  };/10 
pH 7.4 phosphate, volume equal to that of plasma.  25 ml. +  25 ml. };/10 hydrochloric acid 
(pH 3.7) 2 hrs. 5°C. as noted.  5 ml. +  1 ml. };/2 pH 7.4 phosphate.  Stood at 25°C.  0.05 
rag. crystalline  trypsin  nitrogen  per ml. added  as noted. 
Toxin-antitoxin from sntidiphtheria plasma 
Time at pH 3.7-4.0 
hours 
Without trypsin 
0 
0.01 
0.0 
1 
0 
7 
0 
24 
0 
0 
1 
1 
1 
1 
24 
With trypsin 
0 
0 
0.01 
0 
1 
0 
7 
0 
24 
24 
0 
0 
0 
0 
0 
Time at pH 7.2-7.6 
hours 
Without trypsin  With trypsin 
0  24 
0  4 
0  4 
0  4 
0  4 
0  4 
0  4 
0  4 
0  4 
0  24 
0.15  24 
0.50  24 
4  24 
24  24 
24  0 
Per cent original 
antitoxin recovered 
0 
25 
30-50 
30-50 
50 
35-50 
50-70 
35-50 
50-70 
50-70 
25 
30 
0 
0 
10 
Toxin-antitoxin from purified antibody 
0.01 
0.5 
20 
20 
0 
0 
0 
0 
24 
4 
24 
24 
24 
0 
4 
50--60 
50--60 
50-60 
15 
<10 
material is  shown  in  Table V.  All filtrations were carried  out with suction using 
No. 3 Whatman paper and large Buchner funnels so that the final filter cake is not 
more than a  few millimeters thick.  If smaller filters are used the filtration may be 
slow. 
Six different lots of antidiphtheria plasma and toxin have been used in the course 
of  the  present  experiments.  The  results  in  general  have  been  the  same  but  the 
per cent of the original antitoxin recovered after treatment with trypsin varied from JOHN H.  NO~T~mOP  471 
20-60 per cent.  It is not possible to state at present whether this variation is ac- 
cidental or is caused by differences in the toxin or antitoxin preparation used. 
The precipitate (3P) which forms after neutralization consists partly of unchanged 
toxin-antitoxin and a further 20-40 per cent antitoxin may be recovered by treating 
this precipitate as described for the original toxin-antitoxin suspension. 
Filtrate  No. 3 from this precipitate  contains 20-60 per cent of the original anti- 
body and has a  titer of 300-400 Lf/mg. protein nitrogen.  The protein in this solu- 
tion is 90 per cent or more precipitated by toxin.  The solubility of the protein in 
this  preparation,  however, varies markedly with  the  quantity of solid present;  in 
fact, about as much as does the solubility of serum globulin. 
The protein may be further fractionated by precipitation with ammoninm sulfate 
(Table V). 
Most of the antibody is soluble in 0.33  saturated  ammonium sulfate but precipi- 
tates  at 0.5 saturated ammonium sulfate, as found by Pappenheimer and by Pope 
for antibody prepared by pepsin digestion.  The fraction soluble between 0.33  and 
0.60  saturated  ammonium  sulfate  has a  titer  of  from  500-700  flocculation  units 
milligram protein nitrogen, or by the animal protection test.  (The writer is indebted 
to Dr. W. E. Buuney at E. R. Squibb and Sons, New Brunswick, N. J., for carrying 
out this  determination.)  It is strictly homogeneous in  the  ultracentrifuge  with  a 
sedimentation  constant  of  5.7  X  10  -13.  The  diffusion  constant  is  5.50  X  10  -~ 
cm.~/sec.  -1 and the molecular weight is 90,500 (Rothen, 1941).  The material shows 
only one boundary in the electrophoresis cell at pH 7.3 or 3.0.  (In dilute phosphate 
or veronal  buffer there  is  some reversible  spreading but measurements  of electro- 
endosmosis of this buffer in the microscopic cataphoresis cell (Northrop and Kunitz, 
1925)  show marked  flow of water at  the glass liquid  interface.  Addition of M/20 
calcium chloride, as is to be expected, completely prevents the electroendosmosis and 
also abolishes the reversible spreading.)  This fraction probably corresponds closely 
to the preparation obtained by Pappenheimer and by Pope. 
The solubility of  this fraction, however, still varies markedly with the amount of 
solid (Fig. 1, second curve) showing that more than one protein is present in spite of 
the fact that it is homogeneous by ultracentrifuge and electrophoresis.  This result 
is simply another example of the fact that the solubility method, which is theoretically 
identical  with  the  classical melting point method, will distinguish  between  closely 
related proteins  which are indistinguishable  by other methods.  Thus Landsteiner 
and Heidelberger (1923) found that hemoglobin from donkey and horse could be dis- 
tinguished by this method although serologically they are extremely similar.  Crystal- 
line pepsin (Herriott, Desreux, and Northrop, 1940) prepared without special purifica- 
tion, is strictly homogeneous by electrophoresis or ultracentrifugation  but does not 
have constant solubility and may be shown to contain several different proteins.  Mix- 
tures  of samples of chymotrypsinogen of different solubilities  are indistinguishable 
by electrophoresis  (Butler,  1940)  as  are  mixtures  of pepsin  and  iodinated  pepsin 
(Herriott,  1941)  although in the latter case the solubilities  are very different.  Egg 
albumin from closely related species is also indistinguishable  by the electrophoresis 
technique  although  they  may  be  distinguished  by  serological  tests  (Landsteiner, 
Longsworth,  and  van  der  Scheer,  1938). 
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TABLE V 
Preparation of Pure Dipktkeria Antitoxin 
33 liters diphtheria toxin +  4  liters 
anfidiphtheria  plasma,  25°C.  24 
hrs.. 
~iphon  off supernatant,  precipitate 
suspension  -4-  25  gm.  Hyflo per 
liter, filter and  wash  precipitate 
3 times with 1 liter M/10 pH 7.4 
phosphate.  Precipitate  stirred 
+  5 liters 0.05 M KHsPO4, titrate 
to pH 3.5,  +  2.5 gin. crystalline 
trypsin.  Stand  25°C.  24  hrs. 
Filter.  Titrate filtrate to pH 7.4, 
cloudy.. 
No. 2 +  700 ml. saturated  ammo- 
nium sulfate  (0.1  saturated)  q- 
60  gin. Hyflo, filter. Filtrate 
clear. 
Precipitate. 
No. 3 -b 2.3 liters saturated ammo- 
nium sulfate  (0.33  saturated)  -{- 
50  gm.  Hyflo.  Filter.  Precipi- 
tate (0.1-0.3 fraction). 
Filtrate 
No. 5 +  2.1 liters saturated ammo- 
nium  sulfate  (0.45  saturated)  2 
hrs. 25°C.  +  50 gin. Hyflo.  Fil- 
ter.  Precipitate (0.33-0.45  frac- 
tion). 
Filtrate ...... 
No. 7 -4- 1500 gm. ammonium sulfate 
(0.65  saturated)  10°C.  Settle. 
Decant supernatant.  Precipitate 
suspension  q-  20  gm.  Filter-eel. 
Filter.  Precipitate. 
Precipitate  8,  stir  -4-  3  liters  (0.5 
saturated  ammonium  sulfate, 
0.05  ~s  PO4  pH  7.4),  filter. 
Filtrate. 
; liters No. 9 +  60 ml. (2.5 ~ I-I2SO4, 
0.5 saturated ammonium sulfate) 
25°C.  1 hr.  +  20 gin.  Filter-eel. 
Filter.  Filtrate. 
No. 
3 
3P 
10 
PN  Vol.  ml. 
37 liters 
mg, 
b.3 liters  0.3  100 
6.8 liters  0.17  70 
8.6 liters 
11 liters 
3 liters 
3 liters 
60 
0.10  50 
0.03  20 
{" 
0.07  50 
{3o 
0.05  35 
_L/  Total  L/  LI 
ml.  mg.PI~ 
60  2  X  10  6  2C 
6  X  10  s  350 
5  X  105  400 
1  X  105  35C 
4  X  l0  s  50C 
2  X  I05  45C 
2  X  105  70C 
2  X  105  700 
f65c 
1.5  X  los  [70C 
1  X  los  ~60C 
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TABLE V--Concluded 
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Titrate  No.  10  to  pH  6.8,  stir  in 
saturated  ammonium  sulfate 
slowly  until  silky  precipitate 
forms  (about  200  ml.  saturated 
ammonium sulfate).  Stand 6°C. 
24  hrs.  Decant  and  centrifuge. 
Precipitate  suspension,  needles, 
plates  and  some  amorphous. 
Suspend  in 50  ml. 0.5  saturated 
ammonium sulfate .............. 
No.  11  +  10  ml. water  (clear)  + 
saturated  ammonium  sulfate  till 
slightly  turbid.  Stand  25°C.  2 
hrs.,  thin  plates,  no  amorphous. 
Stand  25°C.  24  hrs.,  centrifuge. 
Precipitate  +  20  ml.  0.5  satu- 
rated  ammonium  sulfate.  Pre- 
cipitate suspension ............. 
No. 12  +  5 ml. water +  saturated 
ammonium  sulfate  slowly  until 
slightly  turbid.  Stand  25°C.  1 
hr., heavy precipitate thin plates. 
Centrifuge.  Dissolve precipitate 
+  10 ml. water ................ 
No. 
1l 
12 
13 
Vol. 
50 ml. 
20 ml. 
10 ml. 
PN 
mE-. 
mg. 
1.0 
1.0 
1.0 
L] 
ml_ 
f650 
\700 
;60O 
\7oo 
f650 
\ 700 
L] 
Total L/  mg.PN 
f650 
3  X  10  4  ~700 
1.2  X  104  ~600  ~.7oo 
6  X  103  f650  ).700 
concentrated one, the composition of this solid must be different and hence a  partial 
separation  has been effected.  On paper it is only necessary, therefore, to repeat the 
solubility  experiment  until  a  pure  protein  of  constant  solubility  is  obtained3 
Actually, however, this cannot be done since the yield is small and the substance too 
unstable.  The fraction soluble in 0.5 saturated ammonium sulfate but not at 0.65 has 
more nearly constant  solubility,  indicating  that  the more  soluble fraction  could be 
more easily purified than the less soluble.  A very small amount of a  protein having 
If the protein is a  solid solution of two proteins and obeys Raoult's law then the 
maximum change in composition which can be obtained in one step is from F  to CF 
when F  is the original ratio of the two constituents  and  C  is the ratio of their solu- 
bilities in the solvent used (Northrop and Kunitz, 1930).  If a solvent could be found 
in which the solubility of one component was 0, then the separation would be complete 
in one step.  For this reason it is to be expected that a  better separation will be ob- 
tained in a solvent in which the total solubility is small and this is the case.  A similar 
result was obtained  in  the case of pepsin  (Herriott,  Desreux, and  Northrop,  1940). 474  PURIFICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
constant solubility (bottom curve, Fig. 1) was eventually obtained by extracting with 
one-half saturated ammonium sulfate followed by precipitation at pH 3.5 as shown 
in the table.  This protein is homogeneous by electrophoresis and ultracentrifuge and 
fulfills the criteria for a  pure protein. 
Inspection of  the  solubility curves  shows  that  only sample 48B12  had  strictly 
constant  solubility.  The  other  samples  tested  all showed  minor discrepancies al- 
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FiG.  1.  Solubility curves  of  various  antitoxin  fractions.  The  protein  nitrogen 
per milliliter in solution is plotted against the total protein nitrogen concentration. 
The solid lines are the theoretical curves for a solid phase of one component. 
though the curves are better than those of other proteins with the exception of chymo- 
trypsinogen,  trypsin,  and  pepsin.  The  determinations  were  all  made  with  the 
amorphous preparation since some decomposition occurs during crystallization and 
the crystals do not have as good a solubility curve.  The samples tested in Fig. 2 were 
analyzed within a few hours after their preparation. 
Solutions of the protein crystallize readily in the form of thin, more or less irregular 
plates (Fig. 2).  These plates resemble very closely the first crystals of ribonuclease 
isolated by Kunitz (1940).  On longer standing or on recrystallization the ribonuclease 
crystals  become  beautifully  regular, whereas  the  antibody  crystals  remain  about JOHN  H.  NORTHROP  475 
the same?  The first crystals which appear are the best and after a few hours crystal- 
lization stops.  On  recrystallization the  same  process  is  repeated.  Crystals form 
rapidly and are as good as would be expected under the conditions but instead of im- 
proving on standing the crystallization again stops.  The protein in the mother liquor 
cannot  be crystallized and  has  a  low solubility very much like that of the 0.5-0.6 
FIG. 2.  Crystals of diphtheria antitoxin. 
fraction from which the pure protein was originally isolated (Fig. 3).  At the same 
time, the  time required for flocculation increases, when  the antitoxin is mixed with 
Large well formed prisms have appeared in two preparations after 3-4  months' 
standing.  These preparations had been sealed with vaseline under a cover slip on a 
slide.  The original poorly formed plates disappear as  the larger crystals develop 
indicating that the large crystals are  either  the  antibody itself or a  decomposition 
product.  It has not been possible so far to prepare enough of these crystals  to  test 
for antibody content. 476  PURIFICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
toxin, although the final titer remains the same (Table VI).  The results show that 
the pure protein is very unstable and is rapidly transformed to a slightly less soluble 
form.  The presence of this form prevents crystallization.  Most protein solutions, 
if allowed to stand in strong salt solution, form thin plates on the surface which may 
settle subsequently and which resemble somewhat the antitoxin plates.  These sur- 
face films differ, however, in that they are more irregular and are usually spotted with 
"d  O.3 
0.2 
o.1 
0  i  I  i  I 
0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  m~.. 
Protein h'.  per ral. -iota/ 
FIG.  3. Effect  of  standing in  0.4 saturated  ammonium  sulfate  pH 7.0  on solubillty 
of  crystalline  antitoxin  in  (0.5  saturated  ammonium sulfate,  0.05  M pH 7.4  phosphate). 
Upper curve--solubility  after 1 hour at 25°C.  Lower curve--after 24 hours. 
TABLE VI 
Increase in Flocculation Time of Purified Antibody on Standing at 25°C. 
0.4  ml. 87-1  (0.5 
1 ml. toxin  0.2  0.25  0.3  saturated  ammonium 
(45 Lf/ml.)  +  sulfate extract) 
Time at 25"C.  Time for flocculation  50°C. 
days 
0 
1 
2 
4 
rain. 
45 
40 
rain. 
10 
15-18 
17 
20 
rain. 
10 
15-18 
15 
14 
m/n. 
12 
20 
17 
15 
irregular markings.  In addition the formation of the antitoxin plates is greatly ac- 
celerated by inoculation of the supersaturated solution while the formation of surface 
plates is not.  Under these conditions crystallization may be practically complete in 
to 1 hour and it can be seen that the plates are formed in the body of the solution 
and not on the surface.  The plates are faintly doubly refractile when observed with 
the Nicol prism and analyzer.  An intense light is necessary as, owing to the thinness 
of the plates, the double refraction is slight.  The straight lines in the photograph are 
not needles, but the edges of the plates.  This is clearly evident under the microscope. IOH~  H.  NORTHROP  477 
The plates are slightly less soluble than the amorphous form although the difference 
is much less than is the case with pepsin. 
These results indicate that the plates from saturated  solution of this protein are 
true crystals although final decision depends on the results of x-ray analysis. 
TABLE VII 
Per Cent Protein Nitrogen  Predpitated from  Various  Samples of Antitoxin by Crude or 
Purified Toxin 
5 ml. crude  or purified  toxin  solution  added  to various  samples of antitoxin containing 
equivalent number  of  units  in  t¢/lO pH  7.2  phosphate.  Protein nitrogen  per ml.  deter- 
mined.  50°C.  20 hrs.  25°C.  48 hrs.  Centrifuged and protein nitrogen determined in super- 
natant  (turbidity). 
Sample  No  ............................  51A41 
Globt 
lin 
fractic 
150 
86-5 
0.1-0.3 
sat.  a.s. 
frac- 
tion 
500 
86B1 
0-0.35 
sat.  a.s. 
frac- 
tion 
250 
86-25 
0.4-0.5 
86A16 
crystals 
90-13 
(2 X ppt. 
+ 
toxin) 
L//mg. P.N  ...................  800  750  900 
Crude toxin 
Total P.N., rag  ..............  2.25  0.75  1.1  0.60  0.60  0.48 
P.N. in supematant/'rag  .......  1.95  0.06  0.12  0.03  0.06  0.07 
Per cent P.N. in supematant..  86  8  10  5  10  14 
Per cent P.N. in precipitate...  14  92  90  95  90  86 
Purified toxin (Pappenhehner) 
0.72 
0.22 
0.94 
0.04 
4 
96 
0.48 
0.22 
0.70 
0.048 
7 
93 
0.50 
0.22 
0.72 
0.08 
11 
89 
Antitoxin P.N., mg  ............. 
Toxin P.N.,  mg ............... 
Total P.N.,  mg  ............... 
P.N. in supernatant,  rag  ........ 
Per cent total P.N. in super- 
natant  ..................... 
Per cent P.N. in  precipitate... 
2.0 
0.11 
2.11 
1.97 
93 
7 
0.50 
0.14 
0.64 
0.03 
4 
96 
Precipitation of Various Fractions of Purified Antitoxin by Crude 
and Purified Toxin 
Mixtures of diphtheria toxin and antitoxin precipitate over a  rather narrow range 
of  concentrations  when  allowed  to  stand.  Preliminary  experiments  showed  that 
precipitation increased for 10 or 15 minutes at 50°C. but after 20 hours remained con- 
stant.  The experiments  shown  in  Table VII were made at  the  equivalent point; 
i.e., with that proportion of toxin and antitoxin which first precipitates.  The results 
with other mixtures near this range are not significantly different. 
The first sample, 51A41,  was a  globulin fraction prepared directly from antidiph- 478  PURIFICATION AND  CRYSTALLIZATION 0]~  DIPHTHERIA ANTITOXIN 
theria plasma without previous precipitation with toxin.  It had an antitoxin titer 
of about 150 units per mg. protein nitrogen and only about 7 per cent of the total 
nitrogen was found in the precipitate.  This figure, of course, is subject to a  large 
error since it is determined by difference.  The other preparations represent different 
fractions obtained by fractional precipitation with ammonium sulfate and have anti- 
toxic titers varying from 250 units per mg. protein nitrogen to 900.  However, as 
Table VII shows, 90 per cent or more of the total protein nitrogen is precipitated 
from all of these preparations.  The  table also shows that  the amount  of protein 
nitrogen left in the supematant when crude toxin is used is about the same as when 
purified toxin is used.  Evidently the protein in the crude toxin preparation used was 
practically  all  toxin  protein. 
It follows from these determinations that the various fractions must combine with 
different quantities of toxin.  0.72 rag. protein nitrogen of 86-5, which is the fraction 
obtained between 0.1-O.3 ammonium sulfate precipitated 0.22 mg. of toxin protein 
nitrogen, a ratio of about 3 to 1, whereas the preparations having a higher antitoxic 
titer precipitate an amount of toxin protein equivalent to about one-half the antitoxin. 
These figures are somewhat uncertain owing to the fact that some protein nitrogen is 
not precipitated and it is not possible to say whether this is antitoxin protein or toxin 
protein or partly both.  The precipitate has no measurable solubility in ~/20 phos- 
phate buffer and it seems unlikely that the protein remaining in solution was really 
due to the solubility of the precipitate.  Since the precipitate appears to be com- 
pletely insoluble it follows that the quantity formed will be independent of the volume 
and this is the case as Heidelberger and Kendall (1935) have previously found.  How- 
ever, this would be true of any insoluble precipitate and it does not seem possible to 
draw any conclusions from this result concerning the composition of the precipitate. 
Kekwick and Record (1941)  have obtained partially purified antitoxic preparations 
by means of electrophoresis which also showed varied combining ratios with toxin 
and have suggested, therefore, that there are at least two antitoxins.  The present 
experiments confirm this conclusion. 
The Effect of the Purity of the Preparations on the Precipitation Zone 
The precipitation of crude diphtheria toxin with antitoxin is peculiar in that the 
precipitation range is narrow.  For this reason the titration is accurate to about ~  20 
per cent.  The precipitation of crude or purified toxin solutions with different dilu- 
tions of antidiphtheria plasma or purified antibody is shown in Table VIII.  The table 
shows that with crude toxin and antidiphtheria plasma only one tube shows complete 
precipitation; i.e., either twice as much plasma or one-half as much plasma does not 
give a flocculent precipitate.  When crude toxin is precipitated by purified antibody 
the range of precipitation is doubled and it requires a  larger excess of antibody to 
prevent precipitation.  For this reason the titration of purified antitoxin is much less 
accurate than the titration of antidiphtheria plasma.  When purified toxin is mixed 
with purified antibody the range is extended so that complete precipitation occurs 
even in the presence of an excess of antibody which is equivalent to four times the 
toxic equivalent and extends far down into the region of excess toxin.  These and the 
preceding  experiments indicate that a possible cause for the varying composition of JOHN  H. NORTItROP  479 
toxin-antitoxin complexes is due to the fact that there are more than one toxin and 
more than one antitoxin. 
The purified toxin used in these experiments was kindly supplied by Dr.  A. M. 
Pappenheimer,  Jr.  It was homogeneous by electrophoresis  or ultracentrifuge  but 
may still have contained more than one protein since its solubility has not been tested 
(Petermann and Pappenheimer,  1941). 
TABLE VIH 
Precipitation of Antidipklkeria Plasma or Purified Antibody witk Crude or Purified Toxin 
1 ml. toxin solution containing  40 Lt/ml. in N/10 pH 7.4 phosphate  mixed with  1 ml. 
various antitoxin  preparations  diluted  as noted with N/10 pH 7.4 phosphate  and allowed 
to stand at 25°C. 
Time at  Amount of precipitation 
25°C. 
hf$. 
1.5 
24 
1.0 
24 
1.0 
24 
Crude toxin +  crude antibody 
-  +  ++  C  [  +  -  -  - 
+  ++  c  I  + 
Crude toxin +  purified antibody 750 L/ling. P.N. 
Purified toxin +  purified antibody 
+++ 
Effect of Salts on the Precipitation of Toxin-Antitoxin 
The formation of toxin-antitoxin  precipitates is  similar in many respects  to the 
specific agglutination of bacteria.  In the case of bacterial agglutination it has been 
repeatedly shown that (Bordet, Joos, Bechold, Porges, Porges and Prantschoff, North- 
rop and DeKruif (of. Topley and Wilson, page 154)),  the reaction takes place in two 
steps.  The first step is the combination of antibody with the bacterial cell.  This is 
the specific  step in the reaction and, as Heidelberger and Kendall's  (1935)  results 
indicate, is very likely a chemical reaction.  In the absence of electrolytes and  espe- 
dally in slightly alkaline solution no agglutination takes place.  However, if electro- 
lytes are  now added  to  such  sensitized  suspensions,  agglutination  occurs and  the 
effect of the electrolytes may be predicted from the effect of electrolytes upon colloidal 
suspensions  in  general.  Such suspensions are characterized by the fact that  they 
are agglutinated by ions having an opposite charge from the particles and that the ag- 
glutinating concentration decreases rapidly as the valence of the ion increases.  This 
observation  was originally made by Hardy and applies  to  the oil droplet  (Powis, 
1924),  collodion particles coated with denatured egg albumin, or denatured proteins 480  PURIPICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
in general (Loeb, 1924),  or sensitized bacteria (Northrop and DeKruif, 1922).  This 
valency effect of salts is quite distinct from the effect of salts on solutions of crystal- 
loids or on the solubility  of native proteins.  It appears to be characteristic of antigen- 
antibody complexes that the solubility or stability of the complex is determined by 
the electrical charges as is the stability of colloidal suspensions in general, while the 
solubility of the antigen or antibody separately may be affected by electrolytes in an 
entirely different way and in the same way as are solutions of crystalloids or native 
proteins. 
If toxin-antitoxin complex is formed from antidiphtheria plasma and crude toxin 
and then  washed repeatedly with dilute phosphate buffer it remains completely in- 
TABLE IX 
Precipitation  of SduJion  of Toxin-AnZitoxin in Water by Acid and Salts 
Sample 142-5 (7.5 mg. P.N./ml.) diluted 1/20 with water-clear--No. 1. 
2 ml. No. 1 +  0  0.1  0.2  0.3  0.5  0.7  1.0 ml. s/4,000 acetic acid. 
Precipitation  --  +  +  + +  C  C  + 
pH(bromcresolpurple)  7.6  6.6  6.55  6.5  6.45  6.4  6.3 
1 ml. No. 1 W I ml. various salt solutions  pH 7.4 in N/S0 pH 7.4 veronal buffer;  dilutions  made with water. 
Final concentration salt 
Precipitation after 20 hrs. 25"C. 
SaCl ............. 
pH 7.4 veronal  ..... 
Na2SO4  ........... 
CaC12  ............. 
LaCl3  ............. 
C 
C 
C  C  C  C 
C 
C 
C  I lc  m 
C  C  C  C  + 
soluble.  If this precipitate is then washed repeatedly with distilled water it becomes 
gelatinous and finally dissolves.  The solution in distilled water alone at about pH 7.0 
is more or less opal~escent but at pH 8.0-9.0 it is quite clear and resembles a solution of 
denatured protein.  If electrolytes or acid are now added to such a solution precipita- 
tion occurs and the concentration of electrolytes required decreases rapidly with the 
valency of the positive ion  (Table IX).  The results in general are exactly similar 
to those obtained with the oil droplets, etc. described above.  In addition, acid causes 
precipitation over a  narrow range of pH of about 6.4-6.5,  the width of this range 
depending upon the concentration of the solution. 
As in the case of bacteria, therefore, the toxin-antitoxin complex behaves in regard 
to salt precipitation like a preparation of denatured serum protein as Shibley (1926) 
has emphasized in connection with bacterial agglutination.  In the case of the toxin- 
antitoxin complex, however, the protein is probably not denatured since the results of 
the experiments with trypsin digestion previously described (Table I) show that this JOaN ~.  N ORTm~OP  481 
complex is not attacked by trypsin, whereas if it is boiled the complex is rapidly di- 
gested.  Trypsin attacks native proteins slowly if at all so that the failure of trypsin 
to digest the toxin-antitoxin complex indicates that the protein is still native. 
Stability of Purified Antitoxin 
The experiments described in connection with the crystalline antitoxin show that 
the strictly homogeneous protein is extermely unstable and changes very rapidly to a 
slightly less soluble form.  After this preliminary change, however, the preparation 
is quite stable over a  pH range of 2.0-8.5.  Within this range little or no loss of ac- 
TABLE X 
Inact~vatbra of Purified Diphtheria A ntitoxin at Various pH 
Purified antitoxin  (0.4 saturated-0.5 saturated ammonium sulfate fraction)  in N/10 pH 
7.4 phosphate and 0.05 saturated ammonium sulfate; P.N./ml. 0.5 rag.  5 mL plus noted 
ml. sodium  hydroxide or sulfuric  acid.  Stand 25°C.  1 hal. sample -k- 4  ml. N/2  pH 7.4 
phosphate and tit.rated against crude toxin. 
M1. 2 N sodium hydroxide  <1.0  0.2  0.5  1.0  2.0 
M1. 1 N sulfuric acid  .....  1.0  0.5  0.25  0.1  0 
pH (colorimetric) ........  <1.0  1.5  3.6  7.4  8.0  8.5  9.0  9.8 
L//ml. after standing at 25"C. as noted 
0.25 
24 
Precipitation after 24 hrs. 
Time at 25°C. 
hrs. 
1250 
1200 
50 
~++ 
1350 
1300 
I00 
++-~ 
400 
200 
~-++ 
4OO  400  4OO  4OO 
 35o  {Z 
[400 
-  + 
[200 
1300 
[200 
1250 
++ 
150 
++ 
tivity is observed in 24 hours at 20°C. (Table X).  In more alkaline or more acid solu- 
tions precipitation occurs and there is marked loss in antitoxic value. 
Carbohydrate  Content  of the Antibody Preparations 
Petermann  and Pappenheimer (1941)  have found that the carbohydrate content 
of purified antibody prepared by digestion of the toxin-antitoxin complex by pepsin 
is higher than in crude antibody fractions prepared directly from immune serum.  The 
carbohydrate content of the antibody fraction prepared by the present method does 
not appear to  differ significantly from  that of antitoxin prepared by fractionation 
direct from antisera (Table X_I).  Some variation was found in the carbohydrate con- 
tent and one preparation, 62-2, gave 3.4 per cent.  This variation in the carbohydrate 
content and the general character of the preparations suggests the possibility that a 
part, at least, of this carbohydrate, is derived from the serum mueoid and is not a 
part of the antitoxin molecule itself.  However, all attempts  to  reduce the  carbo- 
hydrate content below about 2 per cent have been unsuccessful. 482  PURIFICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
The Relation of the Purified Antibody  to the Proteins of Normal Serum 
It has frequently been suggested that antibodies are formed by a slight modification 
of normal serum proteins.  They are, however, extremely closely related to them as 
evidenced by the fact that some of Pappenheimer's preparations, which contain less 
than one-half antibody, were homogeneous by electrophoresis and  ultracentrifuge, 
TABLE XI 
Glucose Content of Various Antitoxin Preparations 
Per cent glucose analyzed according to SSrensen and Hangaard (1933) compared with standard glucose 
solutions 
Sample  ............. 
Per cent glucose ..... 
' 51A41 
0.4-0.5  frac- 
tion  from 
antidiph- 
theria 
plasma 
2.4 
86-25 
0.4-0.5 sat- 
urated 
ammo- 
Ilium  sul- 
fate  frac- 
tion  from 
purified 
antitoxin 
2.0 
2.4 
86A67 
Purified 
toxin once 
crystal 
l~-d 
2.8 
62-2 
Purified 
toxin  two 
times 
crystal- 
lized 
3.4 
90-15 
Antitoxin 
precipi- 
tated  two 
times~th 
toxin 
2.8 
TABLE XII 
Fractional Precipitation of Antidipktheria  Plasma or Normal Plasma and  Pure Antitoxin witk 
Varying Concvntrations of Ammonium Sulfate 
Antidiphtheria plasma  Normal plasma +  purified antitoxin  Normal 
Ammonium sulfate  plasma 
concentration 
Per cent  Per cent 
P.N,  P.N. 
per ¢~t saturated 
Original 
0-35 
35-45 
45-55 
55-65 
(100) 
19 
9 
25 
Per cent  LI/P.N" 
L! 
(100)  30 
10  10 
50  75 
4O  100 
<10 
?er cent 
P.N. 
(10o) 
45 
8 
6 
30 
~er cent 
LI__L__ 
(loo) 
<10 
50 
30 
<10 
LI/P.N. 
10 
<10 
6O 
50 
40 
10 
10 
40 
and also by the fact that the antibody can only be separated from the normal proteins 
by fractional precipitation with extreme difficulty. 
If  the  purified antibody obtained by  the action of trypsin were different from 
the form in which it occurs in the original immune plasma, it might be expected that 
the purified antibody could be separated from normal plasma more easily than the 
naturally occurring antibody can be separated from the proteins of immune plasma. 
In order to test this assumption antidiphtheria plasma containing about 500 antitoxic 
units per ml. and an "artificial" immune plasma containing the same number of anti- JOHN  H. NORTHROP  483 
toxic units prepared by adding purified antitoxin to normal plasma, were precipitated 
by varying concentrations of ammonium sulfate.  The results of the experiment are 
shown in Table XII.  It is evident that the antitoxin distributes itself in the same 
way in both cases since the percentage of the original antitoxin found in the various 
fractions is within the limits of error the same.  The anfitoxic titer per milligram of 
protein nitrogen of the various fractions is also about the same and it is just as difficult 
to concentrate the antitoxin  from the "artificial" immune plasma as from natural 
immune plasma. 
Immunological Relations of the Purified Antitoxin to Normal Serum 
Some of the immunological properties of the purified antitoxin have been deter- 
mined by Dr.  Cad TenBroeck.  The serum of a  rabbit immunized against normal 
horse serum gave a precipitate with 1/4,000 ml. normal horse serum (containing about 
0.002 nag. protein nitrogen) but gave no precipitate with 1 ml. of a solution of purified 
antibody containing 1/10 rag. protein nitrogen. 
Guinea pigs sensitized by the subcutaneous injection of 0.003 rag. of purified anti- 
body nitrogen gave a  typical anaphylactic reaction 3 weeks later when 0.05 rag. of 
antibody protein  nitrogen was injected intravenously.  Similarly sensitized guinea 
pigs failed to react to normal horse plasma diluted 1 : 10, but 4 out of 6 reacted to the 
normal undiluted plasma containing 0.5 rag. of protein nitrogen. 
The purified antitoxin is, therefore, antigenically distinct from the normal serum 
proteins.  The fact  that  guinea pigs sensitized with  purified antibody react  with 
large amounts  of normal  horse  serum  probably indicates  the  presence  of minute 
amounts of normal protein in the purified antibody preparation.  Extremely minute 
amounts are suificient to sensitize an animal and it is quite possible that such minute 
amounts of normal protein could be carded through the various steps of purification. 
Experimental  Methods 
Protein Nitrogen.--1 ml.  sample containing from 0.014).10 rag. protein nitrogen 
was added to 9 ml. (2.5 per cent trichloracetic acid, 10 per cent saturated ammonium 
sulfate) and boiled.  The suspension was allowed to cool and the turbidity measured 
against a standard suspension of purified antibody in a Klett photoelectric colorimeter. 
The standard suspension was analyzed by micro-Kjeldahl.  The values for protein 
nitrogen in the purified samples are accurate to 4- 5 per cent but those of the crude 
preparations and especially of the plasma fraction may be in error by 20--30 per cent 
since the turbidity factor varies with different proteins. 
Flocculation Test.--Varying quantities of the solution to be tested were added to 
1 ml. of toxin solution which had been titrated against a standard antibody prepara- 
tion.  The tubes were immersed in a  50°C.  water bath and the end-point taken as 
that tube which first showed a  flocculent precipitant.  With antidiphtheria  plasma 
this method is accurate to 4- 20 per cent but with purified antibody the precipitation 
range is much wider and the error may be 4- 20-30 per cent. 
Solubility Determination.--50-100 rag.  of  the  sample  were  precipitated  by  0.5 
saturated  ammonium  sulfate,  centrifuged,  and  the  precipitate  stirred  with  5  ml. 
(0.5  saturated ammonium sulfate,  0.05 ~pH 7.4 phosphate buffer) and centrifuged. 484  PURIFICATION  AND  CRYSTALLIZATION  OF  DIPHTHERIA  ANTITOXIN 
This process was repeated until the protein nitrogen per ml. of the supematant was 
the same in two successive supematants.  The solid is now in equilibrium  with this 
solution (cf. Butler, 1940).  0.1, 0.2, 0.5, 1.0, and 2.0 ml. of the suspension are placed 
in small centrifuge tubes and the volume of each made up to 3 ml. with the above 
solvent.  The tubes are allowed to stand with occasional stirring for 2 hours.  0.1 
ml. samples are removed for determination of total protein nitrogen, the tubes centri- 
fuged, and the supematant analyzed for protein nitrogen.  It is possible to make a 
complete solubility  curve with 5.0-10 mg. protein nitrogen and all of this may be 
recovered except for the amount actually used in the analytical samples. 
The analyses reported were carried out by Miss Elizabeth Shears. 
SUMMARy 
Purified preparations  of  diphtheria  antitoxin  have  been  obtained by di- 
gestion  of  the  toxin-antitoxin  complex with  trypsin,  followed by fractional 
precipitation  with  ammonium  sulfate.  The  various  fractions  obtained  in 
this way are all 90 per cent or more precipitated by diphtheria toxin but com- 
bine with different quantities of the toxin. 
The fraction precipitated between 0.33  and 0.5  saturated ammonium sul- 
fate is homogeneous by electrophoresis and ultracentrifuge but does not have 
constant solubility. 
A  small amount of a  more soluble fraction has been obtained which does 
have  constant  solubility and  satisfies  the  criteria  of a  pure  protein.  This 
protein crystallizes readily in poorly formed thin plates.  It is very unstable 
and reverts to a less soluble non-crystallizable form.  It has a  sedimentation 
constant of 5.7  X  10  --18 and a  molecular weight of 90,500.  It has an anti- 
toxic value of  700--900 flocculation units  per  rag.  protein nitrogen and  has 
an antitoxic value by the protection test of about 700 units per rag. protein 
nitrogen. 
The  precipitation  range  of  the  purified  antitoxin  with  purified  toxin  is 
much wider than that with crude preparations. 
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